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Adiabatic  shear  banding  is  the  name  given  to  a  localization  phenomenon 
that  occurs  during  high-rate  plastic  deformation.  Practical  Interest  in  the 
phenomenon  derives  from  the  fact  that  once  a  shear  band  has  formed,  subsequent 
deformations  of  the  body  occur  in  this  narrow  region  with  the  rest  of  the  body 
undergoing  very  little  deformations .  Thus  shear  bands  are  often  precursors  to 
shear  fractures. 

Earlier  work  [1-3]  on  the  adiabatic  shear  banding  problem  involved  analyz¬ 
ing  the  simple  shearing  deformations  of  a  vlscoplastic  body.  Recently  Heedle- 
man  [4]  and  Batra  and  Liu  [5]  have  studied  the  initiation  and  growth  of  shear 
bands  in  plane  strain  deformations  of  a  softening  material.  Needleman  [4] 
analyzed  a  purely  mechanical  problem,  approximated  the  effect  of  thermal  sof¬ 
tening  by  assuming  the  existence  of  a  peak  in  the  stress -strain  cxirve  and 
modeled  a  material  inhomogenelty/flaw  by  presuming  that  the  flow  stress  for  a 
small  amount  of  material  near  the  center  of  the  block  was  less  than  that  of 
the  surrotoidlng  material.  Batra  and  Liu  [S]  studied  the  coupled  thermomechan- 
Ical  deformations  of  a  thermally  softening  vlscoplastic  solid  and  modeled  the 
material  inhomogeneity  by  introducing  a  temperattire  btjmp  at  the  center  of  the 
block  «^ose  boundaries  were  taken  to  be  perfectly  insulated.  Two  different 
loadings  namely  those  corresponding  to  simple  shearing  and  simple  compression 
of  the  block  were  considered.  Here  we  exa^ne  the  effect  of  (a)  modeling  the 
material  Inhomogeneity  in  two  different  ways,  namely  introducing  a  temperature 
pertxirbatlon  and  assuming  the  existence  of  a  weak  material,  (b)  introducing 
two  defects  place  symmetrically  on  the  vertical  axis  of  the  block,  (c)  varying 
the  reduction  in  the  flow  stress  of  the  weak  material,  and  (d)  two  different 
sets  of  initial  conditions. 

Fig.  la  is  a  sketch  of  the  undeformed  and  homogeneously  deformed  shape  of 
the  block.  In  terms  of  non-dimensional  variables,  the  governing  equations 
are: 


p  +  fi  vj  i  -  0  , 

ST  Vi  -  Ti„^o  . 

79  ~  0  9.^+  a/Pt)  [1/(73  I)]  (l+bI)“(l-i/ODtj  Dij  , 
Oij  -  -B(p  -  1)  6ij  +  ll/(y3I)]  (l+bI)“(l-i/tf)Dij. 
Tin  -  'p/p  nj.  2Dij  -  Vi  j  +  Vj  i. 

2i2  -  Dij  Dij,  Dij  -  Dij  -  -  Dick  «lj 
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Here  p  is  the  present  mass  density,  the  velocity  of  a  material  particle, 

^  2 

p  —  Pq/Px>  S  »  p^  V  /Oq,  p-^  is  the  mass  density  in  the  stress*£ree  reference 

o 

configuration,  Pg  is  the  mass  density  in  the  reference  configuration,  is 
the  yield  stress  in  a  qtiasistatic  si^le  tension  or  compression  test,  is 
Che  Cauchy  stress  tensor,  9  is  the  temperature  change,  and  0,  m  and  v  are 
material  parameters.  These  equations  are  written  in  terms  of  rectangular 
cartesian  coordinates,  a  comma  followed  by  i  or  a  isiplles  partial  dlfferen* 
elation  with  respect  Co  or  and  a  repeated  index  implies  sximmation  over 
the  range  of  the  index. 

We  study  only  those  deformations  Chat  remain  symmetric  about  the  horizon¬ 
tal  and  vertical  planes  passing  through  the  center  of  the  block.  Thus,  we 
analyze  the  deformations  of  the  material  in  the  first  quadrant.  The  use  of 
the  Galerkln  method  and  the  lumped  mass  matrix  reduces  the  governing  equation:: 
to  a  sec  of  coupled  nonlinear  ordinary  differencial  equations  which  are  inte¬ 
grated  by  using  the  IMSL  subroutine  LSODE.  We  use  the  9-noded  quadrilateral 
element  and  do  not  a  priori  align  the  sides  of  Che  elements  so  that  they  are 
along  the  direction  of  the  maximum  shearing  at  the  instant  of  the  initiation 
of  a  shear  band. 

Figure  lb  depicts  the  stress-strain  curve  for  plane  strain  uniform  com¬ 
pression  of  Che  block  deformed  at  a  nominal  strain  rate  of  5,000  per  sec. 
Because  of  the  rather  high  value  asstmied  for  the  coefficient  >/  of  thermal 
softening  Che  material  softening  caxised  by  the  heating  of  the  material  exceeds 
the  hardening  due  to  strain- rate  effects  right  from  the  beginning. 

Fig.  2  shows  the  contours  of  the  second  invariant  I  of  the  deviaCoric 
strain-rate  Censor  at  successively  higher  values  of  the  average  strain  7avg 
when  the  material  defect  is  modeled  by  introducing  a  temperamre  perturbation 
centered  around  the  point  F  (0.0,  0.375).  In  each  case,  Che  peak  value  I^ax 
of  I  occurs  at  the  point  P  where  the  temperature  is  maximum.  At  an  average 
strain  of  0.04,  Imjy  -  11.44  implying  thereby  that  the  material  surrounding  it 
is  deforming  at  a  strain-rate  greater  than  50,000  sec*^.  For  7avg  ”  0-0^. 

9r»a-r  ~  0 . 341  occuTs  at  F  and  equals  ^68 . 2  percent  of  the  presumed  melting 
temperature  of  the  material.  The  v  utours  of  I  originate  at  the  point  F  and 
then  fan  out  along  the  direction  .maximum  shearing.  There  appear  to  be 
sources  of  energy  building  up  at  the  point  F  and  three  other  points  on  the 
boundary  where  the  parallelogram  through  P  with  adjacent  sides  making  angles 
of  +45^  with  Che  horizontal  axis  intersect  it.  When  there  is  sufficient 
energy  built  up  at  these  points  contours  of  successively  higher  values  of  I 
originate  from  these  points  and  propagate  along  the  direction  of  maximum 
shearing.  Also  as  the  deformation  of  the  block  progresses,  these  contours 
become  narrower  implying  thereby  Chat  severe  deformations  are  localizing  into 
chin  bands. 

Similar  results  are  obtained  for  the  ocher  cases.  Th\is,  irrespective  of 
Che  way  a  material  inhomogeneity  is  modeled,  a  shear  band  initiates  from  the 
site  of  Che  defect  and  propagates  in  the  direction  of  maximum  shearing.  The 
value  of  Che  average  strain  at  the  instant  of  the  initiation  of  the  band 
depends  upon  Che  strength  of  the  material  defect  introduced.  Once  the  shear 
band  reaches  Che  boundaries  of  the  block  it  is  reflected  back,  the  angle  of 
reflection  being  nearly  equal  to  the  angle  of  incidence. 
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